Pathological Lecture
Partial Nephrectomya Pathological Evaluation by C K Anderson MB MRCPath (Departments ofPathology and Urology, University ofLeeds Medical School, Leeds) Partial nephrectomy is a surgical procedure designed to remove only diseased tissue from the kidney and leave intact the maximum amount of renal substance. In a given clinical situation the surgeon may undertake a span of treatment ranging from radical excision, through local excision and nonextirpative surgical procedures, to no operative treatment at all. Viewed in this light, partial nephrectomy may be considered as a radical procedure or may rank as conservative surgery according to the disease process under treatment and the options open to the surgeon. These options are partly governed by the nature of the disease, partly by the general condition of the patient, and particularly by the state of renal function (Table 1 ). It is obvious that when faced by diminished renal function or a solitary kidney the surgeon's operative scope is reduced accordingly.
Historically, the first partial nephrectomy is widely attributed to Czerny (1889), but in 1884 Wells had performed partial nephrectomy to remove a perirenal lipoma, and so the palm due to the originator of the operation surely belongs to him. Following these early experiments the procedure languished until it was revived in the 1940s as a practical method for treating localized tuberculous disease of the kidney. From this point it was soon extended to the treatment of renal calculous disease with apparently gratifying results. Over the past twenty years the development of a reliable technique for partial nephrectomy has made it possible to resect diseased segments even from the middle of the kidney. Con-sequently the indications for partial nephrectomy have expanded to include the treatment of patients with hypertension of renal origin and the excision of segmental areas of chronic pyelonephritis with or without hypertension or calculous disease. During this period, also, reports have appeared describing the use of partial nephrectomy in the treatment of renal tumours.
Anatomical Considerations
Seventy years ago Brodel (1901) described how the renal artery divides into four or five branches with the majority running anterior to the renal pelvis; each branch was stated to be an end artery having no communication with adjacent branches. Graves (1954) examined a series of kidneys obtained at post-mortem examination using an injection-corrosion technique and postmortem angiography. He clearly demonstrated that the kidney was composed of five distinct segments each with its own blood supply, that the segmental arteries had a variety of origins and that many so-called aberrant vessels were merely segmental arteries with a precocious origin. The work of Graves has been confirmed by Merklin & Michels (1958) who presented a statistical study on the origin and multiplicity of the renal arteries. This knowledge has made it possible to resect any part of the kidney on an anatomical basis, without excessive blood loss or the complications of infection, secondary hemorrhage and fistula, and while in earlier days the operation of partial nephrectomy was synonymous with polar amputation it might now be more appropriate to speak of segmental nephrectomy.
Indicationsfor Partial Nephrectomy
The principle indications for this operation cover the treatment of renal stone, the eradication of areas of kidney damaged by vascular disease, pyelonephritis and tuberculosis, the removal of tumours in and arising from the kidney substance or calyces, and the management of sundry rare conditions and states such as duplex drainage systems and trauma.
Renal Stone Disease
The most obvious field for the use of partial nephrectomy is in the treatment of renal stone disease. Any consideration of renal stone disease must separate those factors which are of primary etiological significance from those that are secondary ( Table 2 ). It is obvious that many of these factors are interdependent, for instance, once a metabolic renal stone has been established in the collecting system then this may be augmented by infection, but for practical purposes within the United Kingdom renal stone disease is the problem ofthe idiopathic calcium-containing stone. This consists primarily of calcium oxalate sometimes with smaller admixtures of phosphate.
The disease is essentially one of male adults aged 20-50 and is of an episodic, irregular, recurrent nature (Williams 1963 , Blacklock 1969 . Any consideration of the efficacy of treatment in renal stone disease must bear these factors in mind. Similarly when considering a kidney which is the seat of calculous disease, one must attempt to differentiate those appearances which are of a primary and causative nature from those which are purely secondary to the presence of the stone.
The reputation of partial nephrectomy as a particularly effective treatment for calculous disease is firstly because of the facility with which it allows stones to be removed from the kidney, and secondly because it dramatically reduces the recurrence rate from renal stone following removal (Stewart 1960) .
Examination of any kidney containing a calculus will show that simple extraction of the stone from the calix would often leave an area of calyceal erosion, or caliectasis, which might well form a sump in which further stones could form. Similarly, once a stone has been freed from the dilated calyceal bed there frequently remain small spicules of calcification, some adherent to the surface of the papilla and some actually embedded within the substance of the pyramid, and these can very effectively be removed by partial nephrectomy. One of the great props of partial nephrectomy has been the contention that apart from removing the stone and the dilated calyx in which it resides, it also removes an area of overlying or underlying diseased renal tissue. Certainly in cases where there is a segment of pyelonephritis in association with a stone then such treatment will be effective in removing the diseased renal tissue. The contention, however, goes deeper than this. It states that within the renal parenchyma in stone-formers there exist a series of plaques and concretions which may be the starting point for subsequent stone formation (Carr 1954) .
Calcification in the kidney substance is a common occurrence and was one of the first degenerative processes described in cellular pathology (Anderson 1969) . Occasionally these calcified areas are situated immediately under the surface of the renal pyramids where they may become exposed to direct contact with urine and form the anchored starting point for the origin of a calculusa Randall's plaque (Randall 1937) . Usually their association with the process of stone formation is less obvious.
Areas of calcification in the kidney may perhaps best be delineated by contact radiography of thin slices of kidney tissue. The problem of detection using contact radiography is not so much the size of the deposit, as the very smallest areas can be seen when radiographs are taken on maximum resolution plate, but the degree of mineralization. The technique requires the use of an AEI 'Remax 50' X-ray generating set working at 2.5-3 kV and at 35-50 mA with exposure times of 10-60 min. This procedure is the most rapid and reliable we have for complete sampling of the calcium content of an entire kidney in a partial nephrectomy specimen or in a whole kidney removed at post mortem. Using this method of examination it has been shown that there are two types of radiologically positive calcification (Anderson 1969) . First, there are large, dense deposits up to 2 mm diameter near the surface of the papillae, and secondly, small feathery deposits situated both around the large bodies and deeper in the parenchyma. The first and larger bodies are aggregates of calcium, both phosphate and occasionally oxalate, within the terminal connecting tubules and ducts of Bellini. These are small inchoative stones having a minimal but definite matrix and with the calcium salts closely compacted. The smaller feathery areas of radioopacity are tubular deposits of calcium phosphate in Henle's loop and the collecting tubules. The deposition may occur in one or more of the following sites: within the epithelial cells lining the tubule, within the lumen of the tubule, or extruded into the peritubular interstitial tissues. It will be noticed that it is almost invariably calcium phosphate which is deposited, even when the stone in the calix is composed chiefly of calcium oxalate. Table 3 shows the distribution of these two types of calcification in a series of stone-formers treated by partial nephrectomy, matched against a series of male non-stone-formers to act as controls, the kidneys here being obtained whole at post-mortem examination.
The incidence of histologically detectable microscopic renal calcification in non-stoneformers has varied widely from one published series to another (Anderson et al. 1961 ). In this series the incidence was 32/108 cases, compared with an incidence of 29/45 in the recurrent stoneformers. The finding of radiopaque microcalculi was extremely common in recurrent stone-formers -41/45 cases, 91 % incidence. Conversely it was extremely rare in male nonstone-formers -8/108 cases, 7 % incidence. Moreover, on considering the distribution of the two types of renal calcification in the kidneys removed at post-mortem examination, the calcification present in the kidney was usually uniformly disturbed throughout the entire renal bulk; no difference could be detected between one area and those adjacent or far removed from it, or between one side and another. Thus it would appear that although heavily mineralized renal tissue may be removed at partial nephrectomy, tissue which is just as heavily mineralized will remain. These findings indicate that, while there are a great number of factors involved in the genesis of primary calcium kidney stones such stones appear to be formed largely by intracavitary precipitation and aggregation of calcium salts from the urine. The various forms of renal calcification may or may not act as a nidus about which a major precipitation occurs, but these figures suggest that they are neither a necessary nor a sufficient cause of renal stone formation, although they may be an important contributory cause. The efficacy of partial nephrectomy in preventing renal stone recurrence must, therefore, rest on other factors.
It has been suggested that amputation of the lower pole provides a smooth declivity at the bottom of the renal pelvis, down which the small crystal aggregates in the urine roll smoothly and transfer into the ureter. A review of the various investigative tools at our disposal makes this a speculation as difficult to prove as disprove. The rate of recurrence after partial nephrectomy is, with one exception, extremely high (Table 4) , although it is generally an improvement on nephrolithotomy. This reflects the difficulty in treating recurrent, idiopathic stone formers. The short-term recurrence rate is very low with polar partial nephrectomy, when removing small calculi with minimal calyceal dilatation, after a single attack of renal colic. Long-term results, judged over 15 years or more, are not of comparable quality.
Partial nephrectomy, however, remains an excellent operation for the removal of dilated calyces containing stones and for the excision of the overlying parenchyma which is the seat of chronic inflammatory disease, and those surgeons who effectively carry out this operation may prefer to do so secure in this knowledge alone. Table 4 Overall and true (ipsilateral) recurrence after partial nephrectomy in three series Recurrence Follow up
Reference
No. ofcases % Nephrectomy (years) Stewart (1960) (Poutasse 1962) . The disease may be arteriosclerotic, thrombotic, embolic or developmental in origin. Use of renal angiography in the investigation of hypertension has led increasingly to the finding of a small group of patients whose disease probably relates in the first instance to an ischemic or infarcted renal segment served by a diseased vessel. A number of these patients may be rendered normotensive by excision of the diseased segment along with the artery of supply. A further indication for partial nephrectomy is in hypertensive patients with bilateral atrophic chronic pyelonephritis. The ideal surgical treatment here must be to remove simultaneously the badly scarred area of renal substance on either one or both sides, thereby hoping to reverse the hypertensive vascular disease and its known effect on the normal arterioles. This is obviously a very complicated manceuvre and its success will depend both on the careful investigation of patients with hypertensive disease who are found to have segmentally scarred kidneys, as well as on the skill of the operator. It is desirable that this type of investigation and surgery should be limited to a few centres where sufficient experience can be accumulated in this most difficult field.
When a surgeon has the occasion to explore the renal pelvis, particularly for an 'aberrant' renal artery and finds that the ligation of an artery renders a renal pole avascular, then, in view of the relationship between devascularized renal segments and hypertension, it may be thought best to remove the segment devascularized.
Duplex Kidney
One area where partial nephrectomy or heminephrectomy may be particularly effective is in the removal of a hydronephrotic moiety of a duplex kidney. These may become clinically apparent in childhood, either as the source of recurrent urinary tract infections, or the cause of urinary incontinence when the ureteric orifice is ectopically situated. When the excised kidney segment is examined histologically the usual finding is one of areas of normal renal tissue separated by areas of scarring, frequently associated with the characteristic lesions of renal dysplasia (Risdon 1971) .
Renal Tuberculosis
It has been noted previously that partial nephrectomy was first performed in any numbers in the treatment of renal tuberculosis (Semb 1949) .
This was before the introduction of antituberculous chemotherapy, and the position has now altered greatly. With appropriate therapy, continued over a prolonged period of time if necessary, it should be possible to render the urine free of tubercle bacilli in most cases. There will, however, be a small number of cases of ulcerocaseous tuberculosis which can not be sterilized in this manner and here partial nephrectomy is the treatment of choice (O'Flynn 1970).
As healing by fibrosis occurs, infundibular scarring may cause calyceal obstruction and dilatation with the possible formation of a closed pyocalyx. At present, a conservative approach is usually recommended or, where intervention is judged necessary when calyces increase in size, cavernotomy is the treatment of choice (Hanley 1970) . It should be recognized, however, that many pyocalyces are lined by tuberculous granulation tissue in which there are occasionally viable bacilli, and continued scarring may spread from the calyx to involve the renal pelvis with obstruction of the remainder of the collecting system. It may be argued that cavernotomy destroys no functioning renal tissue while partial nephrectomy must remove at least some, but on purely theoretical grounds there is probably a place for partial nephrectomy in some cases rather than the lesser procedure.
Calcification frequently occurs in healed ulcerocaseous tuberculosis and in some instances this may be extreme. Partial nephrectomy is an excellent operation for the removal of irregular, calcified masses and almost invariably prevents calcification spreading into the pelvis with the formation of a staghorn calculus (Gow 1965) . Some patients with healed renal tuberculosis have hypertension. It would be tempting to offer partial nephrectomy as a possible cure as in focal renal ischramia due to segmental vascular disease. Unfortunately, renal tuberculosis appears to have little significance in the etiology of hypertension, despite the degree of renal scarring and endarteritis produced in some cases (Gow 1970) .
Tumours in the Kidney
For the present purpose renal tumours have been classified as follows: (1) parenchymal tumours: hamartoma, adenoma, nephroblastoma, carcinoma, sarcoma; (2) transitional cell tumours of pelvis and calyces; (3) tumours of reticuloendothelial and hmmopoietic systems; (4) secondary tumours. A consideration of the natural history of these conditions is a good primary guide to surgical operability. A surgeon would not knowingly perform a partial nephrectomy for sarcoma. Conversely, finding a renal mass in a neonate might encourage him to explore the kidney, confident of finding a nonmalignant hamartoma. There is a wide range of rare tumours and vascular anomalies which might be treated by partial nephrectomy, but the main problem is the treatment of renal carcinoma arising in a solitary kidney.
Renal Carcinoma
The true incidence of renal cell cancer is increasing slightly, and an increasing number of individuals have a solitary kidney as the result of previous nephrectomy for malignant and nonmalignant conditions. Tumours in solitary kidneys may, therefore, be more frequent in the future. The most common cause for the removal of the opposite kidney in recorded cases has been renal carcinoma. Other causes of solitary kidney have been previous nephrectomy for renal stone, pyelonephritis, tuberculosis, hydronephrosis and trauma, while congenital absence (1 in 600 births) will account for a fair number.
It is obvious that some renal tumours are quite unsuited to partial nephrectomy, while others may well be amenable to such treatment. It is essential for the surgeon to have as clear a picture as possible of the situation, size and vascular connections of the tumour before exploration is undertaken, as pointed out by Flemming & Ward-McQuaid (1964) .
The surgeon will probably only try to remove by partial nephrectomy those tumours which occupy up to one-third of the remaining renal mass, which do not extensively invade the perinephric tissues, where the renal vein and lymphatic systems are not obviously permeated and where there are no demonstrable secondary deposits. He may, however, deliberately depart from one or more of these criteria.
An understanding of the natural history of renal carcinoma is necessary before the value of this therapy can be assessed and here we are handicapped by not knowing the fate of patients with renal carcinoma who are left untreated. It is, however, apparent from the recorded cases that partial nephrectomy can be remarkably successful in the management of renal carcinoma in a solitary kidney (Grabstald & Aviles 1968 ). The successes achieved by an operation ranked as poor cancer surgery are difficult at first to understand. One possible reason for the relatively good results is that case selection has been very rigid. Indeed most reported instances show a low incidence of involvement of the renal capsule, perinephric fat, renal vein and lymph nodes at exploration. It is also likely that the majority of patients with tumours in solitary kidneys who show invasion of these structures, or have obvious distant metastases, will die without surgical treatment and simply not be reported.
Finally, the relatively long time intervals between removal of the first kidney for renal cell cancer and the development of the second similar-type tumour would suggest a slow growth pattern or a long period of latency. For example, intervals as long as 6, 18 and 20 years have been recorded. In those cases where the previous nephrectomy was done for a nonmalignant condition then a long time interval between removal of the first kidney and the appearance of a tumour in the other may be advantageous in that it permits full compensatory hypertrophy to take place.
In considering the results of partial nephrectomy for carcinoma four factors must be borne in mind: (1) The total number of cases recorded is low and therefore no centre has any great experience of this procedure. (2) The patients themselves probably constitute a highly selected special group. (3) Other modes of treatment appear to have little to offer and the only patients free of disease have had partial nephrectomy as at least part of their treatment. (4) The surgeon may be driven to operate by the severity of the patient's symptoms whether local or systemic.
Tumours ofthe Renal Pelvis Particularly in the Calyces A consideration of the natural history of tumours arising from the transitional cell lining of the renal pelvis and calyces shows, among other things, that there is a distinct tendency for analogous tumours to arise later in the ureter when nephroureterectomy is not performed. Conversely, comparable tumours very rarely arise in the contralateral kidney even over a long period of follow up. Consequently partial nephrectomy has little part to play in the treatment of most cases of transitional cell tumours of the calyces. The exception is the patient with a solitary kidney or with very poor renal function. It is obvious that many cases will be unsuited for this type of local treatment, either because the tumour is far too extensive for local resection or because there is a concomitant tumour in the ureter. There are, however, a very limited number of calyceal tumours which appear to be virtually tailor-made for treatment by partial nephrectomy.
Here, however, one must beware the well-known proclivity for these tumours to produce superficial invasion of the underlying wall of the calix.
Small degrees of invasion, which would be a matter of relatively little consequence in the case of similar tumours in the urinary bladder, may offer the opportunity for the tumour in the calix to extend into the pelvic lymphatics or blood vessels. The epidemic of tumours of the renal pelvis and ureter which have been reported by Petkovic (1972) , form a very special group of neoplasms with a most interesting natural history. The malignancy of these tumours is very low and they appear to occur exclusively in the riparian areas coterminous with those affected by Balkan nephropathy.
Conclusions
(1) When based on a sound knowledge of the renal arterial anatomy partial nephrectomy is an operation strikingly free from mortality and morbidity.
(2) It is the treatment of choice for the removal of renal calculi in dilated calyces, particularly when associated with pyelonephritis. There is a higher recurrence rate than is generally believed.
(3) Partial nephrectomy and segmental renal resection may be effective in the treatment of hypertensive patients with localized vascular disease or pyelonephritis. (4) It is the treatment of choice in dealing with disease in duplex systems. (5) It has a limited place in the treatment of renal trauma.
(6) It is of value in the treatment of renal tuberculosis when the disease is localized and the urine can not be rendered tubercle-free by chemotherapy. It also prevents the formation of large stones on areas of calcified, healed, tuberculous granulation tissue. (7) It could be the treatment of choice for localized benign renal tumours and hamartomas and may be very effective in the treatment of nephroblastoma and selected cases of renal carcinoma in solitary kidneys.
